This is a retrospective, observational study carried out using the opt-out method via our hospital website.
2 23 contrast, the adduction position is positively correlated with these results on the opposite side. Fixed adduction deformity due to contracture resulting from hip osteoarthritis may cause pelvic obliquity 29 (PO) with the subsequent development of secondary lumbar scoliosis. This well-known phenomenon was 30 first defined by Offierski and MacNab as secondary hip-spine syndrome 1) . However, the relationships 31 between the magnitude of a fixed hip angle (either abduction or adduction) and the impact of pelvic tilt and 32 lumbar scoliosis remain unclear. Although ankylosed hips are associated with better outcomes than hip 33 joints with contracture, as an ankylosed hip joint is painless and fused, no studies have investigated these 34 associations in patients with ankylosed hips. The objectives of this study were to investigate the coronal 35 alignment of the lumbar spine and pelvis in patients with ankylosed hips.
36

MATERIALS AND METHODS
37
Patients
38
Seventy-two patients (75 hips) treated with total hip arthroplasty for an ankylosed hip at Saga University architecture, resulting in complete immobility. Sixteen patients (19 hips) were deemed ineligible due to a lack 42 of evaluable data resulting from inadequate radiographs (4 hips in 4 patients), the presence of bilateral 43 ankylosed hips (8 hips in 5 patients) or a history of total or bipolar hip arthroplasty on the opposite side (6 hips 44 in 6 patients and 1 hip in 1 patient, respectively). Therefore, a total of 56 eligible patients (17 males, 39 45 females) were analyzed.
46
The affected side was the right in 23 patients and the left in 33 patients, with no significant difference 47 4 50 20 cases, idiopathic osteonecrosis of the femoral head in 2 cases, and a slipped capital femoral epiphysis in 1 51 case. The mean duration of ankylosis prior to total hip arthroplasty was 38 years (range, 7-70 years). The parameters measured were lumbar scoliosis (LS), PO and the ankylosed hip angle (AHA) in the 58 coronal plane (Fig. 1 a, b) . The degree of LS was measured using the Cobb method in the coronal plane, with 59 LS defined as a curve measuring greater than 10. The apical level, defined as the point of the most laterally In this study, we diagnosed "windswept hip-spine deformity" when both the abduction position 70 correlated with a downward motion of PO and convex LS was noted toward the ankylosed side (Fig. 2 a) or 71 when the adduction position correlated with these findings on the opposite side (Fig. 2 b) .
72
The sensitivity and likelihood ratios were determined to correspond with windswept hip-spine little-to-no significant correlation; 0.25-0.5, relatively weak correlation; >0.5, relatively strong correlation 3,4) .
86
Measurements were obtained twice, once each by two assessors on separate days. The intra-class 87 correlation coefficient (ICC) was used to assess the intra-and inter-examiner reliability of the LS, PO and 88 AHA values.
89
Estimates of the mean intraobserver reliability for measurements of the LS, PO, and AHA were 0.72, 
RESULTS
96
Lumbar scoliosis 97 Twenty-nine patients (52%) had scoliosis, with a single curve in the thoracolumbar range in 27 patients and a 98 double curve in 2 patients. When such a double curve existed, the largest curve was considered in our 99 analysis. Of the 29 patients with scoliosis, the apical vertebra of the largest curve varied from L1 to L4, with 100 L3 as the median apical vertebra; the apex was L1 in 3 patients, L2 in 10 patients, L3 in 11 patients, and L4 in 
107
In short, a larger AHA value on abduction was associated with larger PO and LS values on the 108 ankylosed side. In contrast, a larger AHA value on adduction was associated with larger PO and LS values on 109 the opposite side. In addition, the PO value was proportional to the LS value on both the ankylosed side and 110 contralaterally.
111
Among the entire cohort, 11 cases with PO and 10 cases with LS did not meet the criteria for 112 windswept hip-spine deformity. However, using the cut-off point of abduction or adduction AHA > 10°, only Representative case: Ankylosed hip on abduction (Fig.1 a, b) 
119
The patient was a 77-year-old man with a chief complaint of lumbago and knee pain who was found to have 120 an ankylosed hip on abduction due to infection. The LS, PO and AHA values were 20°, 12° and 28°, 121 respectively. Convex lumbar scoliosis and downward pelvic tilt were observed toward the ankylosed side. relationship between these factors is contradictory and inconclusive 5-10) .
133
Regarding patients with neuromuscular disorders, Letts et al. 6 ) and Abel et al. 7) reported that a 134 subluxed hip was more likely to occur on the elevated side of the pelvis, opposite the apex of scoliosis. In contrast, some patients with structural scoliosis may develop problems with balance after THA for 164 ankylosed hips. Abe et al. 14) reported that coronal balance in flexible scoliosis in patients with degenerative 165 hip osteoarthritis, even in some ridged scoliosis cases, tended to improve after THA. The long-term effects of 166 THA on ankylosed hips should be investigated in future studies.
167
Several limitations associated with the present study must be noted. First, this cross-sectional study Third, this study did not evaluate the sagittal spino-pelvic alignment, which has recently been essential to such 174 studies. We neglected to do so because it was difficult to assess the center of the hip accurately in most 175 ankylosed hip cases. A final potential limitation associated with this study is the fact that, although we used 176 thoracic, lumbar and pelvic X-ray findings, we did not assess the overall spinal alignment with whole-spine 177 radiographs. While the most frequently involved level of spinal deformities derived from hip disease and/or 178 PO may be at the lumbar level, because the most apical vertebra of the curve varied from L1 to L4 in our 179 study, exploring this issue in greater detail will require future studies to assess the effects of hip disease on the 180 lumbar and overall spinal alignment using whole-spine radiographs. 
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